Surface-sensitive diffraction techniques are often used to monitor the smoothness of epitaxial thin films during growth, i.e., the propensity for layer-by-layer growth. Interpretation of such data requires an understanding of the relative importance of various factors that mediate smoothness. These include the adsorption-site geometry, the dynamics of atoms during deposition, and possible transient mobility following deposition, as well as thermal diffusion. Here we present a systematic study of the first three factors, emphasizing the interplay between geometry and dynamics. This is achieved by a comparison of several ''lowtemperature'' far-from-equilibrium growth models where adsorption occurs at on-top sites, bridge sites, or threefold or fourfold hollow sites. Film structure is elucidated through determination of the interface width, density of steps and adsorption sites, the kinematic Bragg intensity, and short-range-order parameters. Exact analysis of nonasymptotic properties of these statistical-mechanical models is in general impossible, and so most results presented are from Monte Carlo simulation. (Received 20 March 1990) Surface-sensitive diffraction techniques are often used to monitor the smoothness of epitaxial thin films during growth, i.e. , the propensity for layer-by-layer growth. Interpretation of such data requires an understanding of the relative importance of various factors that mediate smoothness. These include the adsorption-site geometry, the dynamics of atoms during deposition, and possible transient mobility following deposition, as well as thermal diffusion. Here we present a systematic study of the first three factors, emphasizing the interplay between geometry and dynamics. This is achieved by a comparison of several "low-temperature" far-from-equilibrium growth models where adsorption occurs at on-top sites, bridge sites, or threefold or fourfold hollow sites. Film structure is elucidated through determination of the interface width, density of steps and adsorption sites, the kinematic Bragg intensity, and short-range-order parameters.
I. INTRODUCTION
Nearly layer-by-layer growth of "smooth" films is commonly perceived to occur via cyclical, growth, and coalescence of (two-dimensional) islands in successive layers. In this picture, significant mobility is required for atoms deposited on top of islands to migrate to the edges and be incorporated in the layer beneath. Such mobility is usually attributed to thermally activated diffusion, ' although it has recently been suggested that there could also be a contribution from transient diffusion -mobility possibly resulting from the inability of an adatom to immediately dissipate the energy released upon formation of the atom-surface bond. The occurrence of such transient mobility is currently disputed.
In any case it should be clear that smoothness of thin films, especially in the early stages of growth, will be determined by a number of factors, including adsorption-site geometry, the dynamics of atoms during deposition, and possible transient mobility following deposition, as well as thermal difFusion. It is also possible that concerted (mul- tiatom) dynamics, in addition to single-atom dynamics, could play a significant role in influencing structure.
Our study systematically elucidates the significant inAuence and interplay among the first three factors. This is done through consideration of several far-fromequilibrium growth models, excluding thermal diffusion, which can isolate the various aspects of growth. Such models are of interest in their own right as they provide insight into low-temperature thin-film growth, which is the subject of several recent studies. ' ' The key components of these models, and also some previous results, are now outlined in more detail.
(i) Adsorption site geometry. (d) The adsorption site density S-normalized to unity for a perfect substrate. S will determine the adsorption rate, and thus the sticking probability, in some models considered below. We note that for steady-state film growth which is sufficiently layer-by-layer like, all the above quantities will oscillate periodically for the epitaxial geometries of interest here. P, =exp( 2kt + 1 -e '-), We first describe in detail the various models considered here for deposition at the bridge sites of a onedimensional substrate (cf. Fig. 1 
at 0=1. Corresponding behavior of the short-lived oscillations in the Bragg intensity is revealed in Table II . The interface width increases monotonically and quite quickly for all these models (see Table I ). Not surprisingly, the increase is fastest for random deposition, then for downward funneling, then for the one-hop model, and slowest for the two-hop and knockout models. This relative behavior is also reflected in the values of Finally we consider the behavior of the step density D and adsorption-site density S. For the bridge-site deposition geometry, the film is entirely composed of stretches of steps and adsorption sites (Fig. 4) 
We find that D (and thus S) exhibits one to two extremely weak oscillations in the two-hop and knockout models S S Random deposition (RD). The comments made for the bridge-site model on exact solvability, and growth of positive NN correlations C associated with geometric clustering, still apply. In fact, C behavior is quantitatively similar for both models (see Table IV Finally we consider the behavior of the step density D and adsorption-site density S, where the latter corresponds to a sticking probability. S and D are no longer trivially related and display dramatic oscillations for the 1H, 2H, and KM models, unlike the bridge-site deposition models. D oscillations for the 1H and 2H models are also much stronger than corresponding on-top model results' (see Fig. 7 ).
VI. CONCLUSIONS
The infIuence of adsorption-site geometry on the structure of epitaxial thin films during the early stages of at 0= 1. 
